Abstract This retrospective study was conducted to evaluate the role of platelet-rich plasma (PRP) in the reconstruction of segmental mandibular defects using iliac bone grafts. Thirteen patients underwent reconstruction of post-resection segmental defects of the mandible using titanium reconstruction plates, cortico cancellous iliac bone graft. The patients were randomly separated into two groups. One group of the patients received a PRP graft in addition to the iliac bone graft. Post-operative dimensions of the graft were measured and compared to assess the efficacy of PRP in reconstruction of segmental defects. The post-operative follow-up radiographs confirmed consolidation of the graft in all cases and the segmental defect was obliterated. Thereby mandibular continuity was successfully achieved in all cases. Two patients in the non-PRP group developed an infection and were administered additional antibiotics. The infection was contained and the grafts survived. The use of PRP along with autogenous bone graft may be advantageous since it appeared to enhance the quantity of bone formed. Further long-term follow-up and studies are required to effectively establish the efficacy of PRP and autogenous free bone grafts in the reconstruction of bony defects.
Introduction
Secondary reconstruction of continuity defect of the mandible for the restoration of form and function is a challenge. Microvascular composite or free flaps are advocated when the defect is composite as in case of malignant tumour resection [1] [2] [3] [4] [5] [6] [7] [8] [9] . Being vascular, they are considered more reliable. However, they fall short of the quantity of bone required to reconstruct the mandibular height and the donor site morbidity is higher [10] [11] [12] . In India, due to the limitations in armamentarium and the cost factor that is higher due to the skill and time involved in microvascular surgeries, patients often choose a free graft for reconstruction prior to attempting a microvascular surgery. Commercially available bone morphogenetic proteins are also way above the reach of common man.
In comparison, though immediate or primary reconstruction of post-resection continuity defects of the mandible with microvascular transfer has increased in usage but, cancellous free bone grafting is still performed in Indian teaching institutions and hospitals. This graft has proved to be advantageous over all other forms of reconstruction in terms of reliability and decreased donor site morbidity. Moreover, when composite reconstruction is not needed as in non-malignant cases, micro-vascular surgery is not sought as first choice. Free grafts can also manage the volume required for reconstructing the height, width and curvature of the mandible especially in secondary reconstructions [6, [13] [14] [15] [16] . This technique has been improvised and modified by several surgeons over the years to increase its efficacy, survival and decrease the rate of resorption.
Cancellous particulate bone grafts were compressed in tray form to mimic the mandibular contour in the 1960s and 1970s. Gaining popularity, custom made trays were fabricated to match mandibular form [17, 18] . Several additives have been tried to enhance the ossification of the graft.
Of them, platelet-rich plasma (PRP) has been found to be effective by many authors. PRP is made from the patient's own blood by centrifugation. By sequestering and concentrating the platelets to 338 %, the platelet-derived growth factor and transforming growth factor beta can be concentrated to levels that are clinically usable. Platelets adhere, aggregate and generate a pro-coagulant surface at the site of vascular injury which promotes thrombin generation and fibrin formation. Theoretically, platelets are known to release growth factors (PDGF, TGF-beta?), cytokines (PF4, CD40L), chemokines and active metabolites responsible for neoangiogenesis, tissue repair and regeneration. Concentrating platelets in a fibrin clot or a glue provides a higher dose of these healing proteins to the site of application [19] . The cell membrane receptors of cancellous bone grafts are capable to responding to these growth factors as evidenced by monoclonal antibody assessment. Marx et al. [20] reported their evidence of 1.62 to 2.16 times greater radiographic maturation rate and increased histomorphometric bone density in grafts with PRP in comparison to grafts without PRP. Earlier, Tayaponsak et al. [21] had published an early radiographic healing in 33 patients who underwent mandibular reconstruction on addition of autogenous fibrin adhesive to the cancellous bone graft.
However, review of clinical as well as in vitro studies shows a great variation in the results obtained, possibly due to the site and method of implantation of the grafts. In spite of these varied results obtained, we have continued to use PRP in various clinical cases ranging from secondary alveolar bone grafting to fracture healing and mandibular segmental defect reconstruction since the consolidation achieved has been evidently superior to that obtained while using the bone graft alone.
In this prospective study, we have comparatively analysed the quantum of bone regenerated to assess the efficacy of PRP in the secondary reconstruction of continuity defects of the mandible after segmental resection for odontogenic tumours. All 13 patients were reconstructed using iliac cortico-cancellous block bone graft and of them randomly chosen 8 received PRP in addition to the bone graft.
Materials and Methods
All patients who reported for secondary reconstruction of the mandible 6 to 12 months after their primary surgery were screened for inclusion in the study. The criteria of selection was based on the following points:
1. The resected lesion should be non-malignant. 2. The defect size should be greater than 4 cm and lesser than 6 cm not involving the condyle or the ramus. 3. The patient should be below 50 years of age without any systemic diseases like diabetes, hypertension or hormonal imbalance. 4. The patient should not have any other infectious diseases and should test negative for hepatitis B virus, hepatitis C virus, human immunodeficiency viruses 1 and 2, human T-lymphotropic viruses 1 and 2, and Treponema pallidum.
All patients were given extensive information about the procedure and all consented to the type of reconstruction. Thirteen patients fulfilled the inclusion and exclusion criteria during the study period. There were 7 (53.8 %) males and 6 (46.2 %) females in the study group. Of these 7 (53.8 %) underwent reconstruction using autogenous iliac crest graft (AICG) for the defect while the rest 6 (46.2 %) underwent reconstruction with AICG with PRP. Of these 9 (69.2 %) cases were resected for ameloblastoma while rest were resected to treat aggressive odontogenic keratocysts. The mean age of the study group was 29 ± 7.64 years (19-48 years). Every alternate case was selected for each group.
Preparation of the PRP Gel 40 ml of autologous blood was withdrawn prior to surgery. The blood was drawn into four 10 ml test tubes containing 0.5 ml of sodium citrate solution (anticoagulant). The tubes were centrifuged at 1,500 rpm for 10-15 min to obtain 3 components. The middle layer of PRP (platelet-rich plasma) was separated from the PPP (platelet-poor plasma) and RBC (red blood corpuscles). The separated PRP was again centrifuged at 1,500 rpm for 10-15 min and the middle layer was collected in a beaker along with 10 % calcium chloride. 5,000 units of topical bovine thrombin was added and kept in water bath for 30-40 min to obtain the PRP in gel form.
Surgical Technique (Figs. 1, 2) Under GA and naso-endotracheal intubation, the patient was adequately prepared and draped. Approach to the defect site was gained through pre-existing scars in the submandibular region. The bony stumps were exposed on both the lingual and buccal sides and freshened. The occlusion was temporarily fixed by maxillo-mandibular fixation to re-create the actual size of the defect. The length, breadth and height of the graft required was assessed. If the reconstruction plate was misshapen or not made of titanium, it was replaced with an appropriate one.
The cortico-cancellous block graft was harvested from either the anterior or posterior iliac crest depending on the volume of bone required. Additional cancellous bone was harvested using bone scoops. The harvested graft was remodelled and contoured according to the segmental continuity defect. Cancellous bone graft was applied between the cortical plates.
In the cases in which PRP was used additionally, the PRP along with the cancellous graft particles were applied between the cortical plate and the titanium plates. Wound was closed in layers without a drain and antibiotics administered.
As soon as the patient was ambulant, an orthopantomogram (OPG) was taken with extreme precaution to maintain the midline, occlusion and uniform magnification. All patients were regularly followed-up. OPG and CT were repeated on the same machine by the same radiologist to standardize the length, breadth and Hounsfield units. Unbroken continuity of the graft was taken as success of the graft. 
OPG measurements taken The mid-point of the graft, the space between the proximal and distal margins of the pre-existing defect was marked. A line was drawn at this point parallel to the posterior border of the ramus. The height of the graft was then measured as the length of this line from the lower border to the crest. Actual length was arrived at by assessing the magnification.
CT measurements CT measurements were done by the same radiologist who employed radiographic markers to ascertain the standardisation. 
Statistics
All data were entered and analyzed using Statistical Package for Social Service (SPSS version 16.0, IBM, Chicago, IL, USA). Descriptive statistics were presented for the variables. Independent t test was employed to identify the difference between the two types of materials used. Paired t test was employed to find the difference between the immediate and 6 month post-operative parameters. P value of \0.05 was taken as statistical significance.
Results
Follow-up was done for a minimum of 6 months. The postoperative follow up radiographs confirmed consolidation of the graft in all cases and the segmental defect was obliterated. Mandibular continuity was successfully achieved in all cases. Two patients in the non-PRP group developed an infection and wound dehiscence. They were administered antibiotics and wound dressed regularly till it healed by secondary intension. The infection was contained and the grafts survived. Prosthetic rehabilitation using removable dentures was done in all the cases. Table 1 depicts the descriptive statistics of the outcomes. It is observed that there is shrinkage of the graft in the study population. Graph 1 indicates the difference in terms of height measurement between the immediate and 6 months post-operative data measurements obtained using OPG. The value is significantly different (P B 0.005). Graph 2 indicates the 3D CT data difference in terms of linear measurement between the immediate and 3 months post-operative data measurements. The value is significantly different (P B 0.05) for all the measurements. Table 2 depicts the comparison of the two treatment modalities with the various parameters. Significant difference exists in relation to the immediate length in OPG data. In CT data, width and height in immediate as well as the 6 months period varied significantly.
The efficacy of the material was calculated using the 6 month post operative measurement divided by the immediate measurement and expressed as percentage. Graph 3 indicates the measurements of the value. It is observed that the height in OPG was not significant (P C 0.05). The width (P B 0.05), height and Hounsfield unit difference was significantly different on comparison (P B 0.001). It is observed that the graft shrinkage is higher when AICG is used alone whereas the shrinkage is less when the AICG is mixed with autogenous PRP. Additionally the quality of the bone formed is better with AICG and PRP combination as indicated by higher Hounsfield units.
Discussion
Several authors have successfully applied PRP for various bone defects including reconstruction of mandible [22] [23] [24] [25] .
Merks et al. [23] successfully reconstructed segmental defects of the mandibles that were resected for malignancy.
Of the 8 cases, they evidenced good bone remodelling in the biopsy taken after 6 months during implant insertion. They successfully achieved three dimensional reconstruction with successful prosthetic rehabilitation. In our cases too all patients were provided removable dentures. However fixed prosthetic rehabilitation using implants was not attempted due to economic reasons.
Thorn et al. [25] reported good healing on the usage of fibrin glue, a two-component glue, where one component is a concentrated fibrinogen solution with platelet growth factors and the other is a thrombin solution derived from PRP. This glue when added to particulate bone graft has been successfully used in the reconstruction of continuity defects of 8 mandibles. In our series the cortical plates were used for bulk reconstruction and the cancellous iliac bone graft was applied between the cortical plates. Mandibular continuity was achieved successfully.
Simon et al. [24] reports a novel experience in the immediate reconstruction of the mandibles in 11 patients with ameloblastoma in Tanzania. The concentration of platelets in the PRP used varied from 1,000 9 10 9 /L to 2,000 9 10 9 /L. In 6 of the patients, the tumour was excised from the cortical scaffold, irradiated, perforated, and re-fixed to fit the defect filled with particulate bone mixed PRP. In 5 of the patients, a mixture of bone and PRP was packed into the defect under the reconstruction plates without using the cortical scaffold. Four of the 6 scaffold patients suffered complications. None from the group reconstructed without scaffolds suffered any complications.
The concentration of the PRP that was used was not uniform but since the failure rate reported was low, no correlation could be drawn between the concentration and graft take.
Animal studies on PRP and its mechanism of action has yielded varied results [26, 27] .
Systematic review of published literature to assess the benefits of use of PRP in extraction sockets concludes that the use of platelet concentrates may be beneficial for reducing post-operative pain and inflammation, thereby improving quality of life in the early period after extraction. No systematic acceleration of osseous healing at the post-extraction site could be demonstrated, suggesting that platelet concentrates per se probably exert a negligible effect on bone regeneration [28] .
Mooren et al. [29] reporting their 8 year experience with 20 patients who underwent a reconstruction of the mandible, by use of pre-shaped 2.3-mm titanium plates, autogenous cortical bone plates and autogenous particulate bone with PRP conclude that the fact that all gaps in this study were far larger than 5 cm and in all cases continuity was achieved attests to the validity of the method reported. The increased antimicrobial effect and the increased proliferation of osteoblasts are likely responsible for the results
Graph 3
Comparison of mean of the efficacy as percentage of the outcome parameters in the type of graft used achieved using PRP. Two patients in the non-PRP group developed an infection and wound dehiscence. The absence of post surgical infection rate in the PRP cases in our series also may have been due to the antimicrobial effect of the platelet concentrate.
Study of the relationship of resorptive and depository surfaces to the maintenance of bone graft volume in the growing rabbit facial skeleton [30] reveals that the kind of bone used may also play a role. It was observed that particulate cortical bone did not heal in a predictable fashion but a cortical block as a solitary implant yielded better results as in our series of cases [31] . We employed a mixture of both cortical and cancellous graft and achieved the desired continuity and bulk.
Since Pogrel et al. [7] described failure of mandibular reconstruction as loss of continuity, requiring further grafting, all 13 cases had been successfully grafted with an evidence of better ossification in the PRP group. Though anatomic shape could not be achieved perfectly, due to the presence of pre-existing scars, it was acceptable to the patient and prosthetic rehabilitation using removable dentures was done, comparable to other clinical studies in mandibular reconstruction using PRP [20, [23] [24] [25] .
The evidence of an increased number of wound dehiscence due to infection in the non-PRP cases may support the antimicrobial effect of PRP [32] [33] [34] [35] .
The rigid cortical block graft serves as a scaffold for wound healing and maintains the shape of the mandible and obliterates the cosmetic defect as desired by the patient.
Conclusion
The use of PRP along with autogenous bone graft may be advantageous since it appeared to enhance the quantity of bone formed. Further long-term follow-up and studies are required to effectively establish the efficacy of PRP and autogenous free bone grafts in the reconstruction of bony defects.
